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PERI-URETHRAL ABLATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-pari of application
Ser. No. 09/021,802, filed on Feb. 11, 1998, now U.S. Pat.
No. 6,440,127, entitled "METHOD AND SYSTEM FOR
PERFORMING INTRA-URETHRAL RADIO-
FREQUENCY URETHRAL ENLARGEMENT", and a
conlinualion-in-part of application Ser. No. 09/113,683, filed
on Jul, 10, 1998, pnow U.S. Pal. No. 6,447,505, entitled
“BALLOON CATHETER FOR INTRA-URETHRAL
RADIO-FREQUENCY URETHRAL ENLARGEMENT",
and a continuatiop-in-part of application Ser. No. 09/287,
589, filed on Apr. 6, 1999, now abandoned, entitled “THER-
MAL URETHRAL ABLATION."

FIELD OF THE INVENTION

This invention relates gencrally to advances in medical
systems and procedures for prolonging or improving human
life, More particularly, this invention relates to an improved
method and system for alleviating urinary obstruction
caused by enlargement of the prostate by performing ther-
mal ablation lor urethral enlargement,

BACKGROUND OF THE INVENTION

A majority of all males over 60 years old experience
partial or complete uripary obstruction because ol enlarge-
ment of the prostate. This condition usually originates from
benign prostatic hyperplasia (BPH), which is an increase in
cell mass near the urethra, or less likely, from prostale
cancer. Both these conditions involve an increase in pros-
latic lissue mass, which in iis increased slate encroaches un
the vrethra and obstructs the urinary pathway.

In the case where urinary obstruction is caused by BPIL,
a4 common treatment involves a medical procedure using a
medical side-cutting instrument and/or endoscope 10 surgi-
cally enlarge a passageway for urine fow through the
prostate. The side-cuiting instrument or an endoscope is
passed through the penis into the urethra and is surgically
used to remove prostate lissue and part of the urethra at the
point of obstruction. This procedure is referred to as “Trans-
urethral Resection of the Prostate™ (or “TURP™),

This procedure, although effective, is invasive and com-
plicated. For example, it requires the use of anesthesia and
substantial hospital care. It also has the risk of causing
bleeding. Moreover, 11 is expensive and causes greal dis-
comfort and trauma fo the patient., For example, chapler 18,
entitled “Complications of Transurethral Resection of the
Prostate,” by R. Sunshine and M. Droller, of a book entitled
Uralagic Complications, Medieal and Surgical, Adult and
Pediatric, cdited by Fray S. Marshall (Yeacbook Medical
Publishers, 1986), elaborates on the various complications
of the TURP procedure.

In the case where urinary obstruction results [rom pros-
tatic cancer, surgical prostatectomies are commonly used to
eliminate the obstruction. However, surgical prostalectomies
have serious side effects and risks, including impotence and
urinary incontinence,

In recent years, less invasive sysiems and procedures that
inflict less trauma on patients have been attempted. One such
procedure, called “Trans-urethral Needle Ablation™ (or
TUNA), involves passing a radio-frequency (RF) instrument
such as a catheler. cannula, sheath, or scope into the urethra.
The RF instrument houses special RF electrode tips that
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emerge [rom the side of the instrument. The tips are pushed
out ol the insirument along off-axis paths lo pierce the
urethral wall and pass into the prostatic tissue outside of the
urethra. As a result of the various clectrodes emerging {rom
the side of the instrument, such radio-frequency instruments
are frequently complex and expensive.

By heating the prostate with RF power applied through
the electrode tips emerging from the side of the radio-
[requency (RI) instrument, the prostate tissue surrounding
the urethra is ablated. Specifically, heal ablation is per-
[ormed at multiple locations outside the urethra 1o provide a
series of ablations, thereby causing the prostate tissue out-
side the urethra (o die and necrose. Subsequent 1o heating,
the necrotic tissue is absorbed by the body or excrefed,
thereby reducing the tissue mass outside the urethra, which
consequently reduces the urethral obstruction.

For [urther explanation of this system and procedure, one
can consull a research paper published by Goldwasser et al.,
entitled “Transurethral Needle Ablation (TUNA) of the
Prostale Using Low-Level Radio-Frequency LEnergy: an
Animal Experimental Study™; Eur Urel., vol. 24, pp.
400405 (1993): and a research paper published by
Schulman, et al., entitled “Transurcthral Needle Ablation
(TUNA); Safely, Feasibility, and Tolerance of @ New Office
Procedure for Trealment of Benign Prostile Hyperplasma™
Eur. Urol., vol. 24, pp. 415423 (1993). Also, product
literature on the TUNA sysiem available [rom o company
named Vitamed, Inc., of Menlo Park, Calil., carries some
description of the procedure,

The TUNA system and procedure is gencrally used 1o
relicve urcthral obstruction caused by BPH. It favors a
transurcthral approach because the target tissue to be ablated
is generally near o it, However, again, although the TUNA
system and procedure is elfective, il requires epidural or
general anesthetic, and generally causes the patient great
discomfort and pain. Moreover, the TUNA procedure is
medically and technically very complex for surgeons lo
perform, requiring a complicated and expensive catheter or
sheath or RE clectrode system to perform it, Also, il is a
relatively blind procedure in the sense thal the ends of the
RF electrodes emerging at the side of the radio-frequency
electrode system. once they penctrate the target tissue,

cannot be seen. Nor is there any lechnique for providing a

visual representation of them. Furthermore, the TUNA sys-
lem and procedure attempls 1o leave the vrethra intact and
uninjured by the application of RF heating, which is dilliculi
1o achieve, making its outcome uncerlain. The TUNA sys-
tem and procedure causes scratching of the urethra, bleeding
or irrilation from a cysloscope, cannula, catheter, or tissue-
piercing electrode tips passed into the urethra, Furthermore,
the TUNA procedure produces trapped coagulated and
necrotic tissue or fluid in the interstitial region of the prostate
outside the vrethra. This can result in swelling and increased
pressure of lissue outside the prostate as the necrotic lissuc
is absorbed by the body, Such pressure can compress the
urethra 1o further enhance its obstruction.

Another system and procedure contemplated by Onik el
al. is described in their research paper entitled * A Transrectal
Ultrasound-Guided Percutancous Radical Cryosurgical
Ablation of the Prostate,” Cancer, vol. 72, pp. 1291-1299
(1993). This technique is utilized for the treatment of
prostate cancer and involves disposing cryogenic (freezing)
probes in the prostate for ablating the cancer cells, Onik et
al, propose passing a cryogenic probe transperineally

5 (through the perineum) into the prostate. Al the same lime,

an imaging ulirasonic probe is passed through the rectum
and is used to visualize the position of the cryogenic probe
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and the volume ol cryogenic ablation in the prostate. This
lechnigque requires use of eryogenic probes (also relerred to
as cryo-probes) having relatively large diameters. The eryo-
probes are complex in construction and operation and
require elaborate cooling and thawing cycles, making the
procedure typically quite complicated and expensive. It is
lechnically challenging and critical to maintain precise tem-
peratures al the targel lissue area to prevent hemorrhaging
when removing the probe and also to prevent freezing
sensitive rectal mucosa tissue.

One more recent procedure contemplated and reported by
McGahan, et al., in their rescarch paper entitled “Percuta-
neous Ultrasound-Guided Radio-frequency Electrocautery
Ablation of Prostale Tissue in Dogs,” Acad. Radiol., pp.
61-64 (1994), involves placing an R electrode transrectally
into the prostate of a dog under rectal ultrasound guidance.
Their intent was solely 1o explore the feasibility of ablating
cancerous tumors within the peripheral region ol the pros-
late. Their research treated only pormal animals and no
ablation ol cancer lissue was aclually performed. McGahan
ctal. hoped to prevent RF heat ablation of the urethra (which
is located centrally in the prostate). To achieve their
objective, they suggested that the urethra should be irrigated
with saline solution, vsing u catheter, lo prevent RE heat
damage to the urethra and periurethral lissue, They con-
cluded that their system and procedure was impractical for
ablating prostate cancer cells, becavse the RI lesions were
limited to 1 to 1.5 ¢m in diameter, which they felt would be
too small to adequately treat malignant cancer cells.

Generally, prostate cancer primarily occurs in the periph-
eral (non-central) zone of the prostate. It is often multi-focal,
near the rectal wall, and pear nerves controlling potency.
Recognizing the restraints and delicale circumstances,
McGahan et al., were discouraged by the results of their

rescarch, They concluded that their technique may be appli- :

cable to only a small percentage of prostate carcinomas,
specifically those that are small and can be imaged by
ultrasound. In their paper, they emphasized their concern for
preventing RE heal damage o the reclal mucosa lissue.
Thus, as a resull of iheir efforts Lo treal prostate cancer,
which is predominantly located in the peripheral non-central
part of the prostate, they focused their research elfforts on the
peripheral, peri-rectal regions of the prostate. Their rescarch
did noi contemplate RF ablation in the central periurcthral
region to produce an ablation cavily near the urethra or (o
ablate the urethra itsell. In fact, they explicitly sought to
avoid injury of the urethra by avoiding treatment of peri-
urethral tissues. Their method and objectives were directed
1o cancer and were [ound 1o be disadvantageous [or treat-
ment of BPH or for treating urethral or periurethral tissues
by radio-frequency (RF) ablation 1o relieve urinary obstruc-
lion.

It should be recognized that the theory behind and prac-
tice of RF heat lesion has been known for decades, and a

wide range ol RF generalors and electrodes for accomplish- s

ing such practice exist. For example, equipment for per-
forming heat lesions ig available from Radionics, Inc.,
located in Burlington, Mass. Radio-frequency (RF) ablation
is well known and described in medical and clinical litera-
ture. To that end, a research paper by E. R. Cosman, et al,,
entitled “Theoretical Aspects of Radio-lrequency [ esions in
the Dorsal Root Entry Zone,” Nearosurgery, vol. 15; no. 6.
pp. 945-950 (1984), describing various lechnigques associ-
ated with radio-frequency lesions, is incorporated herein by
reference. Also, a research paper by S. N. Goldberg, et al.,
entitled ~Tissue Ablation with Radio-lrequency: Effect of
Probe Size, Gauge, Duration, and Temperature on Lesion

1t
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Volume,” Acad. Radiel, vol. 2: pp. 399-404 (1995),
describes techniques and considerations relating o tissue
ablation with radio-frequency energy.

In addition, a paper by 8. N. Goldberg, et al.,, entitled
“Hepatic Metastases: Percutancous Radio-Frequency Abla-
tion with Cooled-Tip Electrodes,” Radiology, vol. 205, no.2,
pp. 367-373 (1997), describes various techniques and con-
siderations relating 1o tissue ablation with radio-frequency
electrodes having cooled elecirode tips. Cooled ablition
electrodes will maintain tissue near the elecirode at lowered
temperatures which are below ablation temperatures. Cool-
ing of the urethra by a catheter is suggested by McGahan ct
al., cited above, to prevent RF heat damage to the urethra
and periurethral tissuc.

Generally, conled radio-frequency electrodes having an
clongated shall or catheler structure have cooling channels
within the electrode structure. These cooling channels, lor
example, may comprise a lirst channel 1o carry cooled Huid
[rom an external source, which is connecled Lo the electrode
at its proximal end, The coolant [uid is carried through the
first channel to provide cooling to the electrode end, which
is typically near the distal end of the electrode structure, The
electrode structure typically also comprises a second chan-
nel within the electrode structure that is connected near the
distal end to the first channel and which is adapied 1o bring
the cooling fuid from the distal electrode region back 1o the
source. Such recirculating channels [or cooling Nuid move
the cooled Muid in one direetion from the fluid source to the
¢lectrade and then back to the source. For a sclf-contained,
internally cooled, electrode structure, the cooling channels
would be inside the siructure and sealed from other channels
that may exist within the catheter such as for urinary
drainage or for nflation ol a balloon tip. Thus cooled
clectrode structures add a complexity of structure compared
1o non-cooled electrode structures,

Use ol cooled ablation devices placed inside the urethra
would have the objective of sparing the vrethra from heal
damage during the time when heating of prostatic tissue is
occurring 4l a distance from the urethra.

Transurethral microwave thermotherapy (or “TUMT™)
has been used (o treal BPH and illusirates the use of a cooled
catheter which also delivers heat energy to the prostate. A
catheter which has a microwave probe inside it is inserted
info the urethra to the point of the prostate, The microwave
probe is typically a microwave antenna which is located
inside the catheter near its distal end and is connected 1o an
external generator of microwave power outpul. In this way
the prostate is heated by radiative eleclromagnelic heating.
Al the same time the catheter is cooled by circulation of a
coolant Auid within the catheter. The objective s, as stated
above, to cool the urethra and thereby prevent damage 1o it
hy the heating process which is occurring in prostatic lissue
that is oulside of and at # distance from the urethra. Thus, the
TUMT procedure seeks to preserve the urethra and the
prostate tissue immediately outside the urethra by cooling
the catheter with fluid coolant that is circulated within the
catheter. In TUMT, the microwave antenna is localed inside
the catheter and not in conductive electrical contact with the
urethra. The microwave heating in the TUMT procedure
oceurs in the prostatic tissue located at a distance away from
the urethra as a resull of the simultancous cooling action of
the channels within the catheter and the deposition of
microwave power inlo the prostate tissue from the radiated
energy from the antenna. Thus the prostatic tissue immedi-
ately around the urethra and the urethra itself are deliber-
ately spared from receiving an ablative level of heating in

the TUMT procedure. Further explanation of the TUMT
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system and procedure can be lound in the paper by Blute, e
al., entitled *Transurethral Microwave Thermal Therapy for
the Management of Benign Prostatic Hyperplasia: Results of
the United States Prostration Cooperative Study,” J. Urol.,
vol. 150, pp. 15911596 (1993).

SUMMARY OF THE INVENTION

Conventional techniques such as those described above
have not been directed at creating ablation of urethra or the
periurethral region (the region surrounding the urethra or the
crilical prostate region) [or the reasons discussed above. The
present invention is based, in part, on the realization that it
would be desirable to have an effective technique to perform
intra-urethral ablation of the urethra and periurethral tissue
for the purposes of alleviating urinary obstruction caused by
enlargement of the prostate and thal avoids the limitations of
the art (e.g., piercing the urethra).

The present invention is directed to a system and proce-
dure for heat ablation of prostatic tissue through the use of
a thermal probe that is advanced into the urethra through the
penis and positioned intra-urethrally (within the urethra).
The ablation is performed for fhe treatment of benign
prostatic hyperplasia (BPH) and the associated alleviation ol
urethral obstruction. 1t would also be used for other diseases
such as prostate cancer to relieve urethral obstruction. The
system and procedure of the present invention are dilferent
from any of the systems and procedures discussed in the
background section. The advantages ol the present system
and method reside in their combined simplicity, economy,
control, consistency, enablement ol good abkition position
and shape, and clinical effectiveness.

As one example, urinary bladder outlet obstruction can be
clfectively tredted using the present system and technique,

which is minimally invasive. The technique of the present

mvention involves inserting 4 thermal probe into the urethra
o the region of urcthral obstruction in the prostate. The
thermal delivery portion of the probe remains within the
urethra. This avoids the more difficult and uncomfortable
transurethral approach of the TUNA system procedure dis-
cussed above, and may be done without need for passing one
or more side-outlet RF electrodes through the urethral wall
(via a trapsurethral approach) into the prostatic fissue sur-
rounding the urethra. In various embodiments, the present
system and procedure may include image guidance, which
may be performed in a variety of ways including ultrasound,
CT, MRI, fluoroscopy, X-rays, or other well known imaging
technigues.

In accordance with one embodiment of the invention, a
thermal probe may comprise a fHexible rubber urethral
catheter having an inflatable balloon tip and urinary drainage
channel. A thermal heating element comprising a resistive
heating element is attached to the catheter proximal 1o the
balloon portion. This heating element can thermally contact
the urethral tissue when the catheter is inserted through the
penis into the vrethra, The balloon may be inflated when the
distal portion of the catheter is within the patient’s bladder
thereby enabling the catheter and the heating element to be
fixed in a desired position relative to the prostate and
urethra. The heating element may be defermined o be at a
desired position in the prostate by a simple traction of the
balloon on the bladder. This also ensures against migration
or change of position of the electrode from its proper
position relative to the prostate and critical structures. X-ray,
fuoroscopic, ultrasound, CT, or MRI imaging information
can be made ol the position of the electrode within the
prostate and urethra,
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In yet another embodiment of the invention, the thermal
heating element of a urethral catheler comprises a llexible
thermal element that can flex to conform to the curves of the
urethra for insertion. The thermal element may comprise, for
example, a resistive heating element, an RF conductive
surface element, a conductive segment of the eatheter, or an
clectrode or radiating element that is curvable and Hexible
for comfortable insertion inio the vrethra,

An electrical connection is made [rom the heating element
to a power generator external to the patient’s body. The
output from the generator is used o heat and thus ablate the
urethral tissue and surrounding prostatic tissue near the
heating clement location. This creates a cavity and expanded
opening ol the urethra Lo relieve the unnary obsiruction
caused by BPH or other prostatic discase.

Ia conirast (o the TUNA technique, the thermal probe of
the present invenlion can be used withoul piercing the
urethra, It enables patients who cannol (olerate the TUNA
system and procedure (o receive urethral ablation Ireatment.
For example, such patients could be those requiring antico-
agulation medication for cardiac or peurological problems
who should not risk bleeding from a punctured urethra,

In a technique performed according to the present
invention, a thermal probe is made (o ablate a portion of the
urethra and the perinrethral region (i.c., tissue near or on the
urethral tube) 1o induce necrosis of the prostate tissue near
the urethra and of the urethra itself. This induces 4 cavily to
be formed via oblileration of a portion of the urethra and the
central region of the prostate in the patient’s body a few days
atter the procedure 1s performed. The cavity provides direct
communicition 1o and widening of the urethral channel. In
accordance with one embodiment of the invention, thermal
ablation depths of several millimeters into the perivrethral
tissue can be made, which therealter induce similar sized
cavities to be formed, thereby enlarging the urethral passage,
These exemplary lesion sizes, similar 10 those made by the
TURP procedure, have proven to be adequale 1o provide
reliel from BPIL

It should be noted that in contrast to McGahan et al.’s
conclusion that RI lesion sizes are inadequaie for the
ablation of prostate carcinomas, the periurethral ablation
sizes are adequate in treating BPIL Periurethral ablation in
accordance with the present invention may also be used 1o
ablate cancerous tumors of the prostate that may be located
in the region of the urethra.

Also, the present lechnique avoids the need o observe
McGahan ef al.”s admonition 10 avoid heat or thermal injury
of the urethra. and corresponding necessity for the irrigation
and cooling of the urethra as suggested by the article by
MeceGahan et al. By ablating the urethra itself, the present
technique has the added advantage of avoiding the possi-
bility of neerotic tissue and liquid becoming enfrapped
outside the urethra if the urethra is lefi iotact, as in the case
ol the TUNA and McGahan et al. procedures.

The system and procedure of the present invention differs
from TUMT techniques which seck o preserve the urethra
by fluid cooling within the electrode catheter. The present
techaique secks fo ablate a portion of the urethra and
periurethral tissue and so dircelly widen the urethral chan-
nel. The present technique has the advantage over the TUMT
technique of nol requiring added coolant-carrying channels
within the catheter which increase complexity and cost ol
the TUMT elecirode systems. The electrodes of the present
invention are also simpler than the TUMT devices. The
present invention involves a simply constructed thermal
probe that is in thermal contact with or in physical contact
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with the urethra as compared to an internally located and
complex microwave antenna structure in the case of the
TUMT device.

The system and method of the present invention has the
further advantage of increased simplicity, safety, and
cconomy. The probe strueture may be of a simple construe-
tion and geomelry in one [orm not requiring coolant chan-
nels (although other versions can be made with cooling
channels). This has the advantage that the catheter and
thermal probe are easy to construct and therelore economi-
cal. The probe can be inserted easily by any urologist or
clinical assistant. Also, it is well tolerated by patients, even
those who are in frail health, The systems and methods of the
wvention are safe. For example, the simple use ol the
embodiment of an inflatable balloon within the urethra
combined with catheter traction and X-ray imaging with
contrast injection assures the correet positioning of the
thermal probe within the urethra and prostate.

These features and advantages as well as others of the

present method and system will become apparent in the -

detailed description that follows.
BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings, which constitute a parl of the
specification, embodiments exhibiting various forms and
leatures hereol are set forth, specifically:
FIG. 1 is a schematic diagram showing & portion of a
patient along with a system according to the invention for

performing intraurcthral thermal ablation of the urethra and 3

central prostate with ultrasonic imaging guidance;

FIG. 2 illustrates a procedure or technique by which
thermal probe is localed intraurethrally near a point of
urethral obstruction in the prostale o make a urethral
ablation;

FIG. 3 illustrates a cavity in the prostale contiguous with
the urethra induced by a system and method according to the
present invention;

FIG. 4 shows another embodiment of a prostate ablation
probe in combination with an endoscope passed into the
urethra in accordance with the present invention;

FIG. 5 shows another embodiment of a prostate ablation
clectrode integraled with a balloon catheter with multiple
lemperalure sensors in accordance with the present mnven-
lion;

FIG. 6 shows a flow chart of the process emploved in
operaling a system in accordance with the present invention;

FIG. 7 shows another embodiment of a prostate ablation
clectrode according o the mvention having an asymmetric
thermal tip;

FIG. 8 illusirates another embodiment of prostile ablation
probe according to the invention having a pointed thermal
tip. which is adapted 1o be used in conjunction with a
cysioscope;

FIG. 9 shows a cross-sectional view of a balloon ablation
catheter with resistive heater in accordance with the present
invention;

FIG. 10 shows a side view of a balloon ablation catheter
with coiled heater clement in accordance with the present
invention;

FIG. 11 shows a flow charl ol a process employed in
operating a system in accordance with the present invention;

FIG. 12 illusirates another embodiment of the urethral
probe according to the present invention having a Hexible,
segmenied length of heating, thermal, or electrode elements;
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FIG. 13 shows another embodiment of the prostatic
ablanon syslem according to the present invention having a
flexible, woven or braided thermal element:

FIG. 14 shows another embodiment of a prostatic ablation
system according lo the present invention having a flexible
series of linear longitudinal thermal elements:

FIG. 15 shows another embodiment ol a perivrethral
ablation electrode according 1o the present invention having
o segmented series ol azimuthal thermal elements near its tip
end;

FIG. 16 shows another embodiment according 1o the
present invention of a prostate ablation electrode comprising
a balloon catheter with a second balloon incorporaling a
surfuce thermal element; and

FIG. 17 illustrates another embodiment of a prostate
ablation catheler tip in seetional view with a flexible thermal
element integraled in a segment of the catheter wall.

DETAILED DESCRIPTION OF THE
INVENTION

Referring initially to FIG. 1, in a syslem in accordance
with the present invention, a probe 1 is inserted via the penis
PN into the urethra U of a living body, such as a patient, and
into an operative field within the patient’s body, specifically
including the prosiate gland P. The tip 2 of the probe 1,
which is a thermal element. is placed intraurethrally, within
the urethral tube that drains urine from the bladder B in the
living body. In the disclosed embodiment of the invention,
the probe 1 has an insulated shali portion 5, indicated by the
hatched area in FIG. 1. The probe tip 2 preferably has a
rounded distal end 7 1o [acilitate passage through the urethra
and into the prostate region without scraping, culling, or
pencirating the urethral wall iisell. This conliguration of the
probe 1 facilitates the intraurethral approach to placing 4
thermul element into the prosiate.

Also shown in FIG. 1 is an ultrasonic imaging device 11
which is placed intrarectally through the anal opening A. 1l
has an imaging head 14 which rests agamst the rectal wall
R near the prostate P. The ultrasonic imaging device 11 may
be any common tool used in diagnostic medicine; such
devices are widely available. For example, Accuson, Inc.,
located in Mountain View, Calif., provides several suitable
ultrasonic imaging devices, With the ulirasonic imaging
device 11, any desired area of tissue may be imaged. In one
embodiment of the invention, the imaging head 14 com-
prises an ultrasonic scanning lransducer.

For example, as illustrated in FIG. 1, the region of lissue
[alling within the area bounded by the dashed lines 17 is
scanned by the ultrasonic scanning transducer 14 to generate
a visual image. This image may include the rectal wall R,
prostate P, and urethra U, as well as the electrode 1 and its
thermal probe tip 2. The ultrasonic scanning transducer 14 is
conneeted to an ulirasonic image processing unit 20 and a
display unit 24, as is common praclice. The display unit 24
serves Lo provide real-time vlirasonic images of the prostale
P with the tip 2 placed in the urethra U. This way, the
guidance provided by the ultrasonic image is used to locate
the thermal element 2 al an appropriate point of the urethra
within the prostate and, il desired, away from particularly
sensitive arcas such as the apex of the prostate near the
sphincter SP.

The probe 1 has a connection 27 at its proximal end
(nearest the surgeon), which is connected by a wire or cable
connection 30 1o a gencrator or olher energy source 33. The
generator 33 may be a source ol electrical vollage or current
which connects through cable 30 to a resistive heating
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element in tip 2 that in turn causes thermal ablation of the
urethra near the tip 2. In one embodiment, generator 35 may
be a laser energy source that delivers laser power through 33
1o & laser emitting tip 2 1o heat ablate the urethra near it In
other embodiments, the generator may be an elecirical unit
with, for example, a radio-frequency, microwave, or other
high frequency power supply that can deliver a high-
frequency electrical signal 1o a conductive electrode tip 2.

Prabe tip 2 can include a resistive wire element or heater
clement that heats up when electrical current passes through
it. The current can be generated by generator 33 and passes
through two current conductors inside connection 30 to/from
the resistive heater element in lp 2. The heal so generated
will spread to the vrethral and peri-urethral tissue nearby
causing fissue ablation in an ablalion zone indicated by the
dashed line 37. The resistive heater elements or wires may
be constructed using known technology and, [or example.
could include the use ol a high resistance wire such as
nichrome wire inside lip 2 connected (o lower resistance
wires such as copper wires inside catheter 1 which connect
to the connection cable 30. The nichrome wire will heat up
by ohmic heat dissipation in the thermal element tip 2. Very
little heat will be generated in the connection wires leading
lo current generator 33, keeping all but the Lip 2 from rising
above ablation temperatures.

Alternatively, in accordance with known technology, gen-
erator 33 can be a laser power source, and cable 30 can carry
laser light (hrough probe 5 to a diffuser or trapsmitter
clement in tip 2. Thereby, the laser light power can be sent
out of tip 2 into surrounding tissue causing heating and
ablation ol the urethra and prostatic lissue in an ablation
zone schematically illustrated by dashed line 2.

In another embodiment, in accordunce with known tech-
nology for generating radio-frequency (RI) lesions, as
deseribed in the Cosman and Goldberg articles described
above, a high-frequency signal applied 1o the exposed tip 2
generales a heated region around the tip 2, which in turn
produces a heat lesion or ablation zooe 37 around the
exposed tip 2. The size of the ablation zone or heat lesion 37
may be increased by increasing the power from the energy
source 33 that is applied to the tissue. Thus, the size or
volume of the ablation zone 37 can be graded and controlled
around the urethral channel.

Also shown in FIG. 1 is a second cable 42 that may be
placed in conductive contact with a portion of the patient’s
skin S or other part ol the body via a second clectrode 44.
The second electrode 44 serves, as is common praclice, as 4
relerence or return electrade for the RF current emitted from
the RF electrode tip 2. Examples of RF lesion generators and
RF electrodes using this configuration can be found in the
product literature of Radionics, loc., Burlinglon, Mass.

The generator or eneigy source 33 may have temperature
meters 48 or ather ablation parameter readouts 51, illustrated
by a digital meter reading, for display of power, current,
voltage, impedance, or other parameters associated with the
heating process.

To give a specifie illustration of how urinary blockage is
reduced in accordance with the system of FIG. 1, probe 1
with, for example, a diameter of 2 mm is partially covered
with an insulating coating 5 (the hatched area). A conductive
portion 2 is fabricated from a conductive metal tube, such as
stainless steel. For MRI compatibility, other materials with
low magnetic susceplibility (such as high coball nickel
contenl materials, e.g. Inconel or copper) may be used so
that direct MRI imaging ol the lesion process and clectrode
positioning can be done.
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In the disclosed embodiment, the tip 2 may have a length
of approximately 5 to 20 mm. The tip may have a
hemispherical, rounded point on its distal end 7 to prevent
abrasion or penetration of the urethra U. The electrode may
be sclf-contained or sealed. Alternatively, it may be a
llexible catheter-type electrode wherein the insulating coat-
ing 5 is a plasiic, urethane, polyethylene, silicone, or other
material, In this case, the tip may be a conductive metal tip
which is fused io the Hlexible catheter structure 5. Within the
catheter may be electrical wires which connect 1o the ther-
mal element tip 2 and are brought out to make conncction
with the external cable 30 through a hub 27.

In accordance with another embodiment of the invention,
the electrode 1 may have an outer cannula, as in a needle,
with an inner obdurating stylet to facilitate insertion. Once
inserted into the urethra as in FIG. 1, the stylel may be
removed and other siructures inserted in its place, such as
liber optic endoscopic visualization probes, lemperalure
sensing probes, multiple temperalure-sensing probes, and so
on, The electrode tip in any ol these configurations may also
include & temperature sensor built into the lip, or allerna-
tively the system may include # temperature-monitoring
probe that is inserted into the calheter or cannula ooce the
instrument is in place within the urethra,

By carefully placing the probe in accordance with FIG. 1
within the catheter and positioning the tip 2 in an appropriate
poriion of the urethra U where there is a urinary obstruction,
an effective ablation of the prostate can be accomplished. By
supplying power [rom the encrgy source 33 to lhe tip 2,
heating of the urethra adjacent to the tip 2 and the surround-
ing periurethral tissue in the vicinity of the tip will occur. In
accordance with one embodiment, a heat lesion ol desired
size is formed by controlling the temperature of the heated
urethra and prostate tissue immediately surrounding the tip
2 10 approximately 90° C. Al this temperature, an ablation
volume will be formed having a diameter of several milli-
meters. This ablation volume will engulf the urethra and the
periurethral tissue and be entirely contiguous with the
remaining urethra connected Lo it. The size of the heat lesion
is visualizable on CT or MRI image scanning at the same
time or after the lesion is made.

In accordance with other embodiments, depending on the
lesion sizes desired, other tip temperatures or prostate fissue
temperatures ranging between 50 and 100° C. are used. The
desired lesion sizes are determined (for example 0.3 10 5.0
cm) depending on the size and geomelry of the patienl’s
prostate or urethral obstruction or other clinical consider-
alions.

The energy source 33 has a power range from 0 1o
approximately 50 walls, although 20 walls or less is gener-
ally adequate to achieve the temperatures cited above, The
clectrode tip 2 has a temperature sensor built mside the tip
or on its surface, which may be a thermistor, thermocouple,
or other type of lemperature sensor. The lemperature sensor
is connected via connection wires extending inside the shaft
I to the energy source 33 including its meter 48, thercby
enabling temperature monitoring by the clinician. The mea-
sured temperature al the Lip is representative of the tempera-
ture of the urethra and the nearby prostate tissue as the
ablation proceeds.

The shaft of the probe 1, in accordance with one embodi-
ment of the invention, is approximately 20 to 30 ¢m in
length. In other embodiments, lengths up to 60 cm may be
used. It should be recognized that varying sizes, geometries,
probe tp conligurations, lip diameters and lengths, elc. may
he used for the probe 1 to produce heal lesions,
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The ultrasonic imaging device 11, which in one embodi-
menl of the invention is the EPOXP Monitor available from
Accuson company, Mountain View, Calif., is vsed to provide
images on the display screen 24. The ultrasonic image on the
display may show the shaft 1 and the tip as they are
positioned within the prostate, and this is visualized on the
screen display 24, The surface of the tip 2 or the shali 1 may
be roughened, scored. or otherwise configured to make it
more visible via ulirasonic imaging.

The depth of penetration of the probe 1 and its tip 2 within
the prostate and urethra may be gauged by scale or indicat-
ing markings 40 on the shaft of the clectrode 1 near its
proximal end. I different positions of the tip need 10 be
implemented, the depth of insertion of the probe in the penis
and urethra can be changed according to the scale markings
40 For example, the ultrasonic image display 24 may
indicate that the tip 2 is oo deep or oo shallow within the
urethral tract inside the prostate. Accordingly, the shait may
be moved in or oul quantitatively by the scale markings 40,

FI1G. 2 shows a diagram illusirating the manner in which
a thermal lesion is made by a thermal probe placed intrau-
rethrally. Generally, a patient’s bladder B is illustraled; it is
in fluid communication with the patient’s urethra U, The
probe 1 is inserted nto the urethra U, s shown, lo place the
Lip 2 within the vrethra near a point of urethral obstruction.
As above, the shall of the probe 1 has an insulated portion
5 (the hatched area). When coergy is delivered from the
energy source 33, as in FIG. 1, dissipation of the energy
around the tip 2 causes a heating zone to occur around the

tip. This will cause a zone of heat ablation 47, which engulfs -

the urethra U and the periurethral tissue within the dashed
line volome. The zone 47 indicated by the dashed line
would, for example, illustrate a typical isotherm surface area
or area of constant temperature within which all tissue is

raised to a lethal or ablation temperature. An example of a

desired temperature for ablation to kill prostate tissue is
approximately 50° C. maintained for six minutes. It should
be recognized that variations, depending on the desired
oulcome, are possible.

An ablation isotherm surface, theretore, is an indicalion of
the region in which the cells are dead, At 50° C. or higher
temperatures, tissue mecrosis in the isotherms within the
volume encompassed by the isotherm surface area is
induced. Liquefaction of the necrotic tissue occurs within
days from the day of treatment. I such an ablation isotherm
area (corresponding Lo ablation or necrosis), as illusirated by
the dashed line 47, engulfs the urethra in the region where
there is a urethral restriction, then in a matter of days after
treatment, the entire periurethral zone, including the urethra
within the isotherm surface area, is obliterated and liquefied,
The Now of urine from the bladder through the urethra will
then carry away the liquefaction and debris from the necrotic
lissue away and out of the body through the vrethra.

FIG. 3 illustrates the elfects induced by the system and
method for urethral enlargement by thermal ablation accord-
ing to the present invention. The inventive system and
procedure obliterates the wvrethra and region within the
ablation isotherm surface boundary to induce a cavity 51.
The urethra and prostatic tissue that previously was within
this cavity volume has been necrosed and liquefied and
passed out through the urethra U by the flow of urine,
indicated by the arrows E, from the bladder B out through the
pemis PN (FIG, 1). The urethral wall has been obliterated to
open the channel in communication with the remaining
segments of the urethra. The cavity 51 is generally symmel-
ric aboul the urethra 1o open a lumenal volume. thereby
reducing the restriction of flow that previously existed with
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the urethral obstruction. Because the cavity 51 is located
around the urethra, it is typically axially central o the
prostatic gland. There is the advantage thal the cavity has a
smooth, contiguous continuity with the urethral structures
connected Lo it, increasing the likelihood of laminar fluid
flow after the cavity 51 has been formed. Since it is in the
periurethral region, the invenlive lechnique also has the
advantage that it is remote from various critical structures
such as nerves in the outer prostate and the rectal wall.

By way of [urther explanation, the urethral wall and the
periurethral tissue that is in the area of the zone of necrosis
is liquelied and carried away by urine low F. As the urethral
cross-sectional area is increased, the impedance to flow of
the urine is substantially reduced and the flow vector F is
increased in magnitude, restoring normal voiding [unction
or improving voiding rate. The body reacts to this procedure
by crealing a new epithelial layer of cells, within a matter of
a few weeks, Lo cover the interior surface of the cavity 51,

Because a typical isotherm surface arca 47 (FIG. 2) is
created in a generally central area of the prostate because of
the intraurethral location of the thermal tip, the peripheral
annulus of the prostate acts as a patural margin of safety or
thermal bulfer zone for the eritical orgins, which typically
lie outside the peripheral region or jusi outside the prostate.
These would include critical nervous structures and the
rectum wall and mucosi.

During the process of carefully positioning the tp 2
relative to the wrethral obstruction and the prostate (as
illustrated in FIG. 2), a visualization representation is
relayed via the ultrasonic detector or imaging head 14 and
displayed on the ultrasonic display 24 (F1G. 1). This allows
the tip 2 10 be safely guided and located in the proper region
ol the prostate and away [rom delicale regions such as the
sphincter SP.

The length L. of the exposed tip 2 may vary or be chosen
according to the length of the ablative isotherm volume 47
required. For a fixed length L, the position of the lip 2 may
be translated afier a first lesion to another position within the
prostate to enlarge the length of the cavity 51 (FIG. 3). Thus,
multiple thermal ablation stages may be considered accord-
ing 10 clinical needs to enlarge the lenglh of the wrethral
cavity enhancement.

In accordance with another embodiment of the presend
invention, the probe may not include the temperature sensor,

5 The correlation of an ablation size desired to a certain

clectrode tip geometry may be determined by considering
generalor paramelers such as power outpul, voltage, and
currenl. Generally, 11 can be determined that ablalion tem-
peratures of greater than 507 C. in the prostate tissue can be
induced, for example, by way of power or current levels
greater than known amounts. This information can be used
by clinicians to induce sufficient ablation sizes to alleviate
urinary obstructions by the intraurethral method, depending
on clinical circumstances.

In certain embodiments of the invention, the probe itsell
is self-contained, having a unitized metal shaft such as a tube
ol stainless steel or other material with an enclosed, sealed
tip. Inside the tip 2 is a thermocouple, thermistor, or other
temperature sensor. The sensor may be in the interior of the
tip or integral with the surface of the tip. The electrode shaft
may be electrically insulated by any of various suitable
malerials, sheaths, or coating, such as epoxy, Teflon, ete. The
hub 27 of the electrode 1 (FIG, 1) may be tubular or
otherwise shaped to best conlorm 1o the operator’s lingers as
he inserts it intraurethrally.

As described previously, the shaft ol the probe 1 or the tip
2 may have properlies to optimize visualization. For
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example, a roughened surface on the tip 2 can make it more
exogenic and visible in ultrasonic imaging. Furthermore, a
metal tip may be visible in an X-ray image fo locate the
position of the tip in the prostate during the procedure.
Alternatively, the probe may be made of MRI or C1 com-
patible material so that it s visible in MRI or CT imaging
without substantial artifacts. These imaging techniques may
be used prior, during, or alter the procedure (o monitor the
placement of the electrode and the progress of the necrotic
periurethral cavity alier ablation,

In accordance with another embodiment of the invention.
the probe 1 as shown in F1G. 1 has an insulated shalt made
of a flexible material such as plastic, silicone, polynrethane,
cte. It may be similar 1o a catheter with a hollow interior 1o
enclose lhe clectrical connection or temperature sensing
wires. The tip is made of metal and is bonded or conoected
1o the fexible insulated shaflt portion 5 by bonding agents,
glue, swaging, or other means. A flexible catheter-like
clectrode has the advantage ol being placed into the urethra
U with greater ease and comfort 1o the patient.

FIG. 4 illustrates another embodiment in accordance with
the present invention. An endoscope 70 is illustrated in
sectional view, and has a cannula 74 which is inserted into
the urethra, which is common practice [or urologists. The
cndoscope 70 has a tip end 77 thal is inserted past the
sphincter and into the prostate region P. A probe 81 is then
mserted through the endoscope cannula 74. It has a thermal
lip 84 that extends beyond the endoscope lip 77 and remains
within the wrethra U. As in the previously described
cmbodiment, the shaft of the probe 81 has an insulated

surface portion 87 (hatched lines). The probe 81 further has 3

@ hub 91, facilitating connection via a conoecting cable 94
10 a generator 97, serving as a source of power output, A
temperature-sensing readout 1 is used to read the tem-
perature of the emperature sensor which is located within

the tip 84 or by multiple temperature sensors located at other

poinis along the clectrode shaft 81, Readout ol output
parameters from the generator 97 can be accomplished by o
monitor and display system 103, which in various embodi-
menls may involve computers, controls, feedback sysiems,
cleetronics, and even computer graphic displays to illustrate
the paramelers by a computer graphic workstation during the
progress of the ablation.

Also shown in FIG. 4 is an optical visvalization system
which can be used in conjunclion with the endoscope 70 and
probe 81 in accordance with the present invention. An
optical visualization element 110 is shown passed through
the cannoula 74. In the disclosed embodiment. this element
110 is a fiber optic channel inserted through a port 115 on a
hub 119 of the endoscope 70. A fiber optic control unit 121
processes the signal from the fiber optic channel 110, and
also may control illumination sources thal can provide
illumination down the fiber optic channel into the region of
the prostate near the tip 84. A processing display unit 130
can display an image field 132 as seen by the fiber nptic

channel 110 near the tp 84. The display is capable of s

showing an image 133 of the RF electrode 81 with respeet
to an image 134 of the urethra. Accordingly, at the tip 122
of the fiber optic line channel, a view of the region in the
prostate where the ablation will take place can be displayed
on the display 130. The position of the tip 84 within the
urethra U can be visualized prior, during, and after heating.
[n this way, control of the position of the probe tip within the
urethra can be accomplished under direct visualization,
increasing the salety and certainty ol the intraurethral tech-
nigue.

By way ol explanation, the use ol cystoscopes or endo-
scopes in the wrethra is common practice by urologists. A

It

15

20

s

40

45

S0

61)

14

common cysloscope in use is the Urethroscope made by the
Karl Storz company of Tuttlingen, Germany. Such devices
commonly have fiber optic channels and imaging syslems
such as those illustrated in the description of FIG. 4, above.
They also may bave optional irrigation ports 135 and
aspiration ports 137, also illustrated in FIG. 4. Because the
1ip 84 of the present sysiem and method, as illustrated in
FIG. 4, is under direct visual control by the endoscope fiber
optic apparatus and display 130, better control and certainty
of the placement of the tip within the urethra and prostate is
provided. This is an advantage over the TUNA procedure, in
which side-outlet radio-frequency electrode probes punclure
the urethra and are therefore out of view of endoscopic fiber
optic visualizalion.

Also relerring 1o FIG. 4 and in accordance with the
present invenlion, ather lemperature sensors may be placed
in the prostale or nearby organs o monilor the process ol the
intraurethral ablation. For example, a temperature-sensing,
probe 150 may be placed within the prostate, for example,
through the rectal wall. It has a temperature-sensing tip 154
which measures the temperature in the peripheral region of
the prostate P. A connection cable 157 connected 10 the
temperature sensor 154 passes a signal representative of the
temperature to the temperature-sensing readout 100 in con-
nection with the generator 97 and the control apparatus 103,
Multiple satellite temperature-monitoring sensors may
accordingly be present 1o qualily the thermal distribution,
particularly in regions of organs at risk.

FIG. 5 shows yet another embodiment of the system and
procedure according to the present invention involving a
catheter 201, which is passed into the urethra through the
penis PN, which is shown only in partial sectional view. The
catheter 201 has a thermal element 202, which is positioned
in prostate P according 1o clinical needs to alleviate vrethral
obstruction. At the distal end of the catheter, there is an
inflatable balloon struciure 210 shown in an inflated staie.
There is further a distal tip 214 which defines an opening
217. Urine within bladder B can How according to an arrow
F1 into the opening 217 and out of a proximal end of the
catheter, as illustrated by an arrow 172,

Rubber catheters with balloon ends are used commonly
by urologists. Examples of such catheters are SILASTIC
Foley catheters distributed by the Bard Urological Division
of Covington, Ga. FIG. 5 shows an embodiment of the
present invention in which such a catheter is augmented by
a heat element or thermal element (structure 202) that may
be formed in the shape of a ring. In the disclosed
embodiment. the structure 202 is connected internally
through the catheter 201 10 a hub portion 220, a connection
cable 224, and a gencrator 227. The generator 227 supplies
a power oulpul, as described in connection with the previous
cxamples, 1o or through structure 202, resulting in heating of
the urethral tissue to give rise to an ablation isotherm surface
230 (the dashed line). Temperature sensors may be located
at multiple points along the catheter 201 within the prostate,
and lemperalure signals carried by a connection 234 1o a
tissue temperature monitor 237 to monitor the ablation
process as described previously, Additionally, monitoring of
output parameters from the generator 227 may be accom-
plished via a parameter monitor 240,

The system in accordance with the present invention,
illustrated in FIG. 5, may be implemented by the following
illustrated example, The catheter 201 is sterile and dispos-
able; 1t includes a power delivery structure 202 with hub or
conneclion structures 220, as described above. The catheter
201 is inserted into the penis PN according lo common
practice until the balloon structure 210 is within the bladder
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B. The balloon is then inflated by a syringe 260 attached to
an inflation hub 264, which is standard on Poley balloon
catheters, Inflation by the syringe plunger 270 injects air or
fluid into the balloon 210, thereby inflating the balloon and
retaining it within the bladder B. [T uid is injected to fill the
bulloon, the Nuid may be contrast fluid that is visible on
X-ray or fluoroscopic images of the patient’s body to
confirm the balloon’s position.

Once the balloon catheter is so entrapped within the
bladder B by the inflation of the balloon 210, urine within
the bladder B can How according to the arrow F1 through the
distal tip opening 217, and drain from a main catheter hub
280, as illustrated by the arrow F2. Once this configuration
15 established, an X-ray contrast mediom may be injected
through the hub 280 into the bladder B. An imaging sysiem
285 such as 4 [luoroscope or X-ray machine can then be used
1o image the catheter tip 214, the balloon 210, the bladder B,
and the heal element structure 202 logether, An X-ray
imaging detector 2980 is shown which can collect X-ray
images from X-rays emitled from, for example, an imaging
system 285, as illusiraled, wiithin the field of imaging
illustrated by dashed lines 293 and 294. Such X-ray images
visualize and assure that the structure 202 is properly placed
with respect 1o the bladder B and the prostate P. The imaging
system will help ensure that the structure 202 is within the
prostate al the point of urethral obstruction and sufficiently
away from the apex of the prostate or the sphincter SP. which
are critical structures,

The embodiment of FIG. 5 shows the structure 202 in an
intraurcthral position. As with the previously described
embodiments, the heat ablation associaled with the structure
202 will obliterate and necrose the urethra and periurethral
prostatic tissue proximale 10 the structure 202. Also shown
on the catheter 201 is a second element 300, which in

various embodiments can be a second heat applicator ele-

menl or thermal element structure or a temperature sensor.
For example, if the region of ablation 230 (the dashed line)
needs 1o extended to include a region around the electrode
300, then the output from the generator 227 could be applied
1o or through the electrode 300. This illustrates that multiple
heating or power delivery elements can be placed on the
same catheter structure 201 to grade the size of the ablation
according 1o clinical needs.

In one embodiment, clement 202 can be an exposed
conductive ring thal is connected 1o a radio [requency (RI)
generalor 227 by elecirical connection wires 224 or 234,
This will cause urethral ablation by RI° tissue heating.
Element 203 is a reference RF electrode connected (o the
generator 227 by cable 231. Element 300 may be another
exposed conductive ring which could also be connected 1o
the RF output of generator 227 10 enlarge the size of the
ablation. Electrodes 202 and 30 could be connected in a
bipolar fashion 1o generator 227 which would cause the RF

current 1o Aow between them and eliminale the need for a

grounding pad or reference electrode as illustrated by ele-
menl 203 in FIG. 5. The bipolar electrode configuration
would tend to create RF heating between the electrodes 202
and 300; by reference, see the references on RF lesion
making cited above.

The element 202 may be a metal annular ring. The ring
may be comprised ol a sheet of solid metal wrapped in an
annular structure 1o encircle the catheter 201. This structure
may completely or partially encircle or segmentally encircle
the catheter 201,

The annular ring may be solid in the sense ol not being
hollow or not having cavities within it. That is, the element
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202 may be “cavily-lree.” The ring wall may vary in
thickness lrom 0.001 millimeters or less 10 1 millimeter or
more. The ring may have a length ranging from (.1 milli-
mefers or less 1o several millimeters or even centimeters.

Element 202 may take many forms. Element 202 may
comprise a non-fluid-containing electrode and/or a non-
hollow conductive structure. For example, there may be no
internal cavities n element 202, and it might not be con-
nected Lo a [luid channel within the catheter. Alternatively,
thermal element 202 may be a composite ol solid metal
wires or conductive plastic or composite material.

Element 202 may be flexible so that it can bend with the
flexible catheter through the curves of the urethral channel:
thereby providing improved patient comfort and minimizing
harm to the urethra during insertion. The urethra has a major
natural curve and the flexibility of the catheter and thermal
element is a significant advantage o prevent patient dis-
comfornt or injury and o facilitate catheler insertion.

Element 202 may, in one embodiment, be a composite of
solid conductive wires. For example, it may comprise a helix
of conductive wires having either a tight wound or an open
loose wound configuration. Element 202 may be a braided
network of solid wires o form a mesh or surface braid that
is on the surface of rubber catheter 201 or otherwise altached
1o it with anchoring structures within the catheter such as
internal loops ol a braid or wallles of a helix or wire structure
1o secure strongly in the proper position on catheter 201,
Such siructures may be flexible for the advantages cited
above.

Ta another embodiment, element 202 may be a resistive
heating element and thus a source of heat that spreads to the
urethra and peri-urethral tissue by thermal conduction in the
tissue. The analogy could be made to a soldering iron that
heats up when current is passed through it. Element 202
could be a helical coil or resistive wire, such as nichrome or
tungsten wire, which has a high resistivily and is well suited
as a resistive heating element. The resistive wire could be
wound in a tight or an open helix around a plastic or rubber
catheter body 201. The helix could have a length of several
millimeters or centimeters and dizmeter of several
millimeters, depending on clinical needs. The resistive wire
may be part of ring or braided structure bonded to the
surface of or embedded into the wall of catheter 201, This
structure may be of a flexible construction to bend with the
catheter as it is inserted through the curved path of the
urethra upon insertion; thereby providing the structural and
clinical advantages of safety and functionality cited above,

Alternatively, if the siructure 300 conlains lemperalure
sensors, then the tissue monitor 237 can read oul tissue
temperature near the structure 300 as an indication of
ablation size, For example, if the lemperature sensor in 300
reads less than 50° C., then this would indicate that the
ablation zone 230 has nol reached into the region near the
structure 300.

In the exemplary embodiment of FIG. 5, the catheter 201
is made from SILASTIC rubber, as manufuactured by Dow
Corning, of Minneapolis, Minn. Its diameler is approxi-
mately 3 to 8 mm, and its length is in the range of 30 1o 40
cm. However, other smaller or larger dimensions may suil
varying clinical needs. The electrode structures 202 and 300
consist of stainless steel rings that are bonded (o the SILAS-
TIC subsirate or the surface of the catheter 201,

Depending on the particular application, the electrode
structures 202 and 300 may be non-cooled, non-fluid
vonlaining, non-hollow, nop-cavily containing rings. ring
segments, plates, wires, films, or sheets. They may be
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llexible or non-flexible. They may be non-metallic conduc-
tive elements. The elecirode structures 202 and 300 may be
made from wire structures or braids or conductive film, or
flexible platings or Hexible structures on the surface of the
catheter 301 or embedded within the walls of the catheier.
The electrode structures 202 and 300 may be rubberized
flexible siructures imbedded with conductive parliculate
malter such as carbon, metal, or other conductive agents, or
helixes of wire or sheets. Other materials or plalings may
also be used, including but not limited to Inconel, titanium,
or copper plated with gold, to suit various clinical needs, The
balloon structure and body of the catheter could be similar
to the Foley catheter mentioned above with an inflatable
balloon 210, straight or curved distal tip 214, port 217, an
injection port 264, and a main catheter urinary hub 280. In
addition, the hub or other connection 220 for the resistive
heating, laser, high [requency, or thermal monitoring cabling
can be adapted 1o suit clinical needs. Internal connection
wires within the body of the catheter 201 connect 1o the
structures 202 and 300, as well as lemperalure sensors
within the catheler al various points inside or extending
oulside the catheter walls.

A urological heat ablation catheter, as in FIG. §, is easily
inserted into the vrethra and can remain in place within the
patient for several days. Diagnostic X-ray images can be
laken with an X-ray imaging machine, as illustrated by the
N-ray system 285 and the mmaging detector 290. This
confirms the position of the ring 202 in the prostate. Intrau-
rethral ablation is performed when the positioning of the
catheler is appropriate, and can be repeated and enlarged as
necessary according to the deseription abave. As stated
above, the catheter can be lelt in place in the patient with the
balloon inflated for several days alter ablation until the
ablated zone has fully liquefied. The catheter balloon can

then be deflated, and the catheter removed from the urctbra,

whereupon the neerotic fluid from the ablation zone and the
obliterated portion of urethral tissue will be washed away by
the wrine Qow from the bladder B oul the urethral channel.

One advanlage of using a catheter-lype ablation probe
such as the embodiment shown in FIG. § is that minimal
anesthesia is pecessary n inserting the elecirode into the
urethra. Such catheter structures are familiar 1o vrologists
and can be inscried into the patient in the supine position
with case and comfort. A further advantage is that no

endoscope is needed 10 imsert it into the urethra or to 45

visualize ils position in the prostate. It can be used in an
oflice setting, and not necessarily in a sierile operaling room
environment, thereby making the procedure more widely
available 1o patients by reducing reduces hospital expenses.

It is also relatively economical because it has low construc-

tion complexily and can thus be used disposably from a
factory-packaged sterile pouch. A further advantage of the
catheter structure is that the thermal element may be flexible
or curvible. This will minimize discomfort, abrasion,

bleeding, or other damage and morbidity 1o patients when s

the catheter is inserted through the penis and through the
urethra as it curves up into the prostate. Thus, this embodi-
menl has advantages of added safety, conformation o the
urethra, and case-of-use. A nop-rigid catheter and non-rigid
thermal element such as an RF conductive element or a
resistive healing wire clement or a laser diffusing element
can be altached 1o the surface of the catheter or embedded
within the wall of the catheter or integral within the flexible
rubber structure of the catheter,

Referring now 1o FIG. 6, a How chart is shown Lo illustrate
the process of intraurethral ablation for reliel of urinary
obstruction. The procedure starts by inserting the heating
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probe, such as any one of those described above, intraure-
thrally into the prostate (step 340), as illustrated in FIG. 1,
for example. The positioning of the tip (¢.g., the tip 2 of FIG,
1 or the element 202 of FIG, 5) within the urethra at the
appropriate position of urethral obsiruction is then per-
formed (step 350). This siep may invalve the use of
ultrasonic, CT, MR, or X-ray imaging meuasuring the elec-
trode’s depth in the urethra, the use of endoscopic
visualization, or other positioning techniques. In the case of
a balloon catheter, contrast injection into the balloon or the
bladder followed by X-ray imaging is another way of
positioning the RF tip in the appropriate position. The
position of the tip in the urethra relative to the prostate is
monitored (step 354). The use of CT, MR, ultrasound,
X-rays, fluoroseopes, or other imaging devices may be used
during this step, as they also may be used in the positioning
step (step 350).

When the tip 1s in the proper position within the prostate,
the step of generating and delivering power Lo heat ablate the
urethra and periurethral prostate within the operative field is
performed (step 357). This can involve elevating the
voltage, currenl, or power applied by the resistive healing,
laser, or high frequency generator. The generator may have
manual conirols such as knobs or other elements to control
its outpul levels that can be acluated at this point,
Alternatively, the process may be automated with a sel
power or lemperature level predetermined on the generator
control system and an automatic or semi-automatic achieve-
ment of that control parameter reached by an appropriate
feedback and control system within the generator. These
elements could all be buill into the energy source 33, for
cxample, illustrated in FIG. 1,

The actual parameters of the power delivered 1o the
electirode within the urethra may be recorded and monitored
(step 360). Parameters of interest can include the tempera-
ture recorded at the tip, the lemperatures recorded at satellite
clectrodes placed in the prostate or in the neighboring
operative field, the RE power, current, voltage, impedance,
and so on. The time of power application may also be
monitored at this step and a predetermined set lime of
exposure of the power to the electrode may be desirable,
depending on clinical needs, or may depend on the reading
of temperature sensors in the prostate or the probe al various
positions. Knowledge of these parameters and the geometry
and size of the probe tip assist in guiding the surgeon as (o
the size of the lesion and resultant urethral/prostatic cavity
that is produced. For example, it may be known [rom clinical
experience thal cerlain size ablations can be induced for
cerlain electrode geomelry Llypes with a known value of
power, currenl, or voltage, or aliernatively a known tem-
perature as recorded in one or more of the lemperature
monitors. As represented in FIG. 6, these parameters may be
monitored during the ablation process and influence the
decision of the clinician o lerminate or continue the process
aceording to experience and parameter values. By relerence,
measurerment of such parameters is accomplished by lesion
generator systems of Radionics (Burlington, Mass.).

The adequacy of the duration and parameter sets lo
achieve the correct heat ablation in the prostate and 1o reduce
urinary obstruction is determined (step 365). The decision Lo
stop the procedure when it is believed that the cavity is
adequate can be made in this step.

In accordance with one embodiment of the present
invention, the clinician may choose a healing probe tip
geomelry of a certain size, diameter, length, or other char-
acteristic. The clinician may know [rom expenience that the
insertion of such a probe intraurethrally with the probe
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having a temperature sensor and delivering power 10 raise
the tissue lemperature so that the tip is elevated (0 a cerlain
temperature level will produce a known and generally
adequate ablation cavity. This set of criteria may be used by
the clinician to induce sufficient ablation sizes 1o alleviate
urinary obstruction according to the clinical circumstances.

In aeecordance with another embodiment of the present
invention, the probe may not include a temperature sensor.
The correlation of ablation size desired for a given tip
geomelry may be determined by considering parameters
such as power, output, voltage, and current. Generally, it can
be determined that ablation lemperatures of greater than 50°
C. in the prostale tissue can be induced, for example, by
power or current levels greater than known amounts. In that
embodiment, these power and currenl paramelers may be
used by the clinician for a given time of ablation exposure
1o alleviate the vrinary obstruction by ereating a sufficient
intraurethral cavity. It is understood thal a range ol these
paramelers and Lime exposures, as well as varous probe
geomelries, may be used o grade the size of the ablation
cavily according 10 the experience acquired by clinicians
with this technigue.

In accordance with one embodiment of the present
invention, il C1, MR, or other imaging techniques are used
during ablation, then they may be used 1o decide on adequale
ablation size, For example, certain MR images can represent
thermal distribution around the probe, and thus indicate the
ablation zone.

FIG. 7 tllustrates another embodiment of the invention, in
which the prostate P, the bladder B, and the urethra U are
shown in partial sectional view. Probe 401 is inserted into
the urethra U. As in various other disclosed embodiments,
the clectrade 401 has an insulated portion 405 (shown as
hatched lines), However, an exposed conductive resislive
heating element, laser diffuser, or tip 407 in this embodiment

is asymmetrically configured atl the end of the elongated a:

probe 401. For example, the disial tip of the probe may have
an insulated or covered side portion 408 1o prevent that
portion of the patient’s urethra R [rom being exposed to
heating from the generator (not shown in FIG. 7, bul
illustrated in FIGS. 1.4, and 5). The healing zone in this
embodiment tends to lie proximate to the exposed Lip portion
407. To illustrate an example ablation zone, a dashed line
411 is distributed laterally on a side of the urethra U
corresponding to the exposed side portion 407 of the tip, The
exposed side portion 407 may utilize various struclures
and/or shapes lo suil various clinical uses, such as partial
cylindrical surfaces, discrete areas of conductive exposure,
lines or wires of exposed conductors, heating element, laser
libers on the electrode 401, and so on. This embodiment can
be particularly advantageous when ablation should be
directed asymmetrically 1o a particular portion of the
paticnt’s prostaie.

FIG. 8 illustrates another embodiment of the invention, in
which a cystoscope 450 is placed in the patients urethra U,

A probe 457 is passed through the cysioscope shaft 450 it s

has an insulated portion 460 (shaded ared). Tip 464 emerges
from a distal ead 451 of the cystoscope 450. The tip 464
defines a relatively sharp point 467, which is capable of
piercing the vrethra wall W. The tip 464 emerges approxi-
mately frontally from the cystoscope end 451, and it can be
visualized by an optical channel 433 as it pierces the wall W,
In this embodiment, connecting the tip 464 1o the generator
{not shown) will ablatively heat the prosiate tissue near the
tip 464. An ablation volume 471 (illustrated by a dashed
line) around the tip 464 and can thereby be placed asym-
metrically on one side ol the wrethra U 1o suil vanous
clinical needs.
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The use of intraurethral heat delivery probes herein has
the advantages of simplicily, economy, conlrol, consistency,
reproducibility, and patient tolerance compared o other
techniques aimed at treating BPH or prostate cancer such as
TURP, TUNA, and other methods described above. 1n one
embodiment of the present system and method, the tip is
within the urethra, and does not pierce the urethral wall. As
deseribed, the heat ablation process using an infraurethral
electrode according to the invention has the effect of ablating
the urethral wall and perivrethral tissue to open the channel
and to destroy the urethra near the electrode. This has
advantages over other methods and apparatus which seck (o
leave the wrethra intact or unablated, such as TUNA or
MecGahan et al’s procedure cited above. In one embodiment
of the present invention, because the tip does not pierce the
urethra, the risk of hemorrhage is reduced. Furthermore,
with the tip within the urethra and under direct endoscopic
visualizalion or other imaging control, there is a more exact
knowledge of the ablation zone in the central proslate region
to reduce the chance of damaging sensilive structures,

Also shown in FIG. §, as an augmentation of the system,
is an external coolant supply 273 with cooling connection(s)
271. This may supply cooled fluid such as saline to Aow
within a recireulating channel in catheter 201 1o cool the
clectrode 202, Such cooling capabilily may or may not be
included in the balloon catheter depending on clinical needs.

Referring now to FI1G. Y, a cross-sectional diagram illus-
trates various aspects of (he distal end of a balloon ablation
catheter in accordance with the present invention. This
sectional view, which shows only the distal section of a
catheter embodiment of the present invention, may
correspond, for example, to a catheter similar (o that in FIG.
5 described above. The catheter body 501 may be made of
a rubber material such as silicone. It may be soft and flexible
to accommaodate the delicate urethral environment and the
natural curves ol the vrethral path to the prostite. At the
distal end is the inflated balloon 507, which also is made of
a thin elastic rubber such as silicone, The balloon 507 may
be secured in a sealed Fashion by joints such as 511 1o the
catheter material 501. A channel 514 inside the catheter
structure 501 allows an inflating fluid such as air or saline 1o
fill the interior of the balloon 507. Injection of the fuid is
indicated by the arrow 517, which may correspond to the
influx of air as produced by the plunger system 260 in FIG,
5. The channel 514 may connect lo the mterior of the
coupling hose 267 that attaches further to the inflating
system 260 in FIG. 5. A side window 520 (i.e., port) in the
wall of the catheter, bul inside the balloon region, allows the
in-flowing air to inflate the balloon, as indicated by the
arrow 522.

Al the distal tip 530 there is a hole in the body of the tip
534, which may correspond to the hole 217 in F1G. 5. When
the catheter is inserted into the urethra and the balloon is
secured within the bladder, as shown in FIG. 5, then urine
can flow into the hole, as indicated by the arrow 537. An
internal channel 5440 is constructed within the body 501 of
the catheter to allow the low of the urine backwards towards
the hub end of the catheter structure. For example, referring
to FIG, 5, the channel 540 may be connected to the proximal
hub 280 to allow the outflow of urine, as indicated by arrow
F2.

A heating element 550 is shown in a location proximal 1o
the balloon §07. This may be a resistive heating element, lor
example, a metal conductive high resistive wire, helix. braid,
ring, or other structure which is bonded or mechanically
lixed 1o the catheter rubber structure 501 with appropriate
silicone cement. The length of the heating clement 550 is
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indicated by L in FIG. 9. It is spaced by a distance D from
the proximal portion of the balloon 507. The parameters L
and D may be specified according (o clinical needs and the
particular apatomy of the patient being treated. For example,
if it is known that & larger lesion is to be made because of
a longer portion of urethral obstruction, then the length [
could be made longer. The length of the heating element 550
may range from one lo several millimelers, and cven as
much as a centimeter, or two, or more. The distance D may
also be gauged depending on how far back from the neck of
the prostate the heat ablation is desired to be located. D may
also be a parameter which is specilied according to elinical
needs. For example, balloon catheters may come in various
model numbers with specilication of L and D and the
diameter of the catheter body itsclf according to clinical
crlena.

Healing or thermal element 550 may allernatively be a
radiofrequency or high Irequency electrode that has a con-
ductive exposure on the surface of catheter 501, Element
550 may be a Nexible structure such as a wire mesh helix,
linear wire structure, conductive film made of plastic and
embedded with conductive particulate matier, carbonized or
metal embedded silicone rubber or other plastic ¢lements, or
segmented rings or strips of conductive material altached to
the surface of the catheter 501 or embedded, linked, or
stapled within a mass of the plastic comprising the catheter
501. In the case ol a radiofrequency or microwave clectrode,
clement 550 may be made of various metal or other con-
ductive materials. Alternatively, element 550 may be a
radiofrequency electrode of non-solid or non-uniform metal-
lic construction that is integral with the wall of the catheter
501; for example a portion of silicone rubber embedded with
conductive metal lilings or carbon particles to make a
portion of the catheter wall itsell conductive without need

for a separate metal plate, wire, braid, helix, or other solid

metal ring.

Also shown in FIG. 9 are wire elecirical connections 544
and 547, These connect to the heater resistive element 550,
For example, wires 544 may be welded or soldered al point
551 to the resistor 550. The wires 544 and 547 may provide
the connection to the generator 227 in FI1G. § (L.c., they are
contained in the cable 224). Also, electrical connection
wire(s) 544 or 547 may be a thermal-sensing or impedance-
sensing connection to a point 551 or 557 near or on the
surface of clectrode 550. For example, clement 557 may
contain a thermistor or thermocouple junction, and the
connection cables 547 may be electrical connections o a
thermal sensor (e.g., lissue monitor 237, FI1G. 5) that enables
readout of the temperature ol prostatic tssue near S50
during the heating process. The electrical connectors 544
and 547, for example, may be directed within the channel
540 and branched through the rubber wall of the catheter at
its proximal end to the connection 220, as shown in FIG. L.
Connectors 544 may connect 1o cables 224, and conneclors
547 may connect to cables 234 and/or 224. It should be
understood that the electrode 550 may consist of several
segments as discussed herein. In this case, several connec-
tors (544/547) may be used to connect 1o each segment of
the electrode 550.

Current from the generator 227 in FIG. § is driven through
wires 544 and 547 and through resistive element 550, which
may have a high resistance compared 1o wires 544 and 547.
This element 550 could be a high resistance wire coiled
around the eatheter body 501 or it could be a wire segment
or plate attached to the wall of 501. It could have a thin
plastic coating 1o bond well to 501 or to prevent sticking or
reaction with the urethra.

20

30

40

S0

55

Al

22

In another embodiment, also illustrated by F1G. 9, the
connectors 544 and 547 could be fiber optic laser light-
carrying elements. They would bring laser light power from
generator 227 to a diffuser element 550 in this illusiration so
that the laser power could be transmitied to the tissue ouiside
of the probe 501.

Other physical techniques to provide healing power to the
heating element 550 in order to ablate the urethra in accor-
dance with the present invention could be desired by those
skilled in the art. Use of microwave, magnelic,
electromagneltic, ultrasound, or other power generators and
associated connections in the probe are intended to be within
the scope of the invention.

Referring to FIG. 10, another cmbodiment of a balloon
catheter with resistive heating element is shown in accor-
dance with the present invention. The catheter tubing 601 is
flexible. It could be made, lor example, rom silastic,
polyurethane, or other malterials. Balloon 607 is inflatable by
inflation port 616, as deseribed above. Catheter lip 610 has
a drainage hole 61 1 which communicales to hub port 614,
Athermal beater element 620 is fixed to the catheter and has
length L and is set back by distance D from the balloon 607.
Healer element 620 comprises a resistive heater wire which
is wound in 4 helix on the catheter body 601. The heater coil
is connected by internal conductors 623 and 627 10 external
connector cables 630 and 634 o the power supply 638. The
power supply 638 generates current that runs through the
coiled wire 620 to heat it up and ablate the urethra and
nearby prostate tissue when implanted. Greater current [rom
638 will increase the temperature of heater 620 and make a
larger ablation zone in the prostate. Thermal sensors can be
placed oear the coil 620 in the catheter to measure ils
temperature, and this can be read oul on monitor 641
Controls on unit 641 can vary the power from supply 638 10
vary the ablation size. Supply 638 could produce output
from a lew to several tens or hundreds of walls. Heater
temperatures of 37° €. to near 100° C. could be achieved 1o
produce ablation zones of a few millimeters o a few
centimelers, according to clinical needs.

In an allernate embodiment represented by FIG. 10,
clement 620 may be an exposed coil of conductive wire that
is copnected 1o an RF power gencrator 638 to produce RE
heating of the periurethral tissue.

Referring now 1o FIG. 11, a llow chart is shown (o
illustrate the process of intra-urethral RF ablation using a
balloon catheter for reliel of urinary obstruction. The pro-
cedure starts by selecting the appropriate balloon catbeter
(step 700), This may involve selecling the diameter, length,
balloon size, ring dimensions and positions, use of mulli-
ring balloon catheter, use of catheters wilh temperature
sensing, impedance moniloring rings, mulliple temperature
sensors along its longitudinal length, and other specifica-
tions of ihe balloon catheler, some of which have been
described above. For example, by knowledge [rom diagnos-
tic imaging of the size of the patient’s prostate and the
position of the obstruction, the appropriate length of RE
electrode segment L, ifs separation D from the balloon may
be selected. For this purpose, the eatheters may come
packaged with particular dimensions of L, D, catheter
diameter, catheter length, etc. to suil specific clinical needs

The next step may be insertion ol the catheter into the
urethra (step 704). Insertion of catheters is a common
technique and can involve use ol Foley-type catheters lor
urine drainage. During this step, diagnostic imaging such as
ultrasound, C'T, MRI, or X-rays may be used 1o monitor the
position and depth of the catheter. For this purpose, the
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catheters as shown above may be in part radiopaque or have
radiopaque markings on them so that their lip position and
clectrode position can be visualizable in X-ray, CT, MR, or
other types of imaging,.

Referring further to F1G. 11. once it is determined that the
tip end of the catheter is properly within the patient’s
bladder, the balloon tip may be inflated within the patient’s
bladder (step 708 in FIG, 11). This step may be followed by
further imaging (¢.g., ultrasound, CT, MR, fluro, or X-ray
diagnostic imaging) to confirm that the balloon is properly
placed. For example, in step 711 of FIG. 11, a radiopaque
contrast medium (contrast agent) is injected into the bladder
through, for example, the hub 280 in FIG. 5 so that i
emanales [rom the port opening 217 in FIG. § o produce a
radiopague contrast of the bladder. In this way, the position
of the balloon within the bladder and against the neck AP in
I'IG. 5 can be confirmed. Alternatively, step 708 may
involve inflating the balloon with radiopague contrast fluid
for X-ray confirmation.

The balloon may be secured in ils position by applying
traction or gentle pulling (step 714 in FIG. 11) so that the
balloon fits snugly against the neck of the prostaie and
bladder junction. Al this point, the element 202 is at a known
position relative to the neck ol the bladder. That position
may be pre-selected by the dimension D, as shown in FIG.
9 or 10

Al this point, further X-ray, Quoroscopic, ultrasound, or
other imaging confirmation may be used to verify that the
probe and the balloon are in the proper place (step 716).

When this confirmation is made, the connections lo the -

external penerator miy be made as shown in FIG. 5, and the
outpul from the geoerator 227 of FIG. 5 may then be
delivered (step 721).

As Ihe heat ablation process begins, the ablative destrue-

tion of the urethra and periurethral tissue will begin and
increase nedr the position of the probe. This process can be
monilored by observing the generator paramelers on moni-
toring device 240 in VIG. 5 (step 724 of FIG. 11). Various
other tissue monitoring such as temperature sensing and
impedance monitoring &l the heating element, probe, or
ancillary rings such as 300 in FIG. 5§ may be carried out in
this step 724, The control of the generator may be done
manually, automatically, or by computer, as in the control
unit 228 of FIG. 5.

In step 727 of FIG. 11, the clinician determines the
sufliciency of the heat ablation to produce the desired
clinical effect of reducing vrinary obstruction. This will be
based on his experience, the visualization of the ablation
parameters, and the particular clinical situation.

To elaborate further on the steps of making the heat
ablation, the step 721 of FIG. 11 can involve elevaiing the
voltage, current, or power applied by the generator. The
generalor may have manual controls such as knobs or other
clements 10 control its output levels thal can be actuated at
this point. Alternatively, the process may be automated with
a set power or lemperature level predetermined on the
generator control system and 4o automalic or semi-
automatic achievement of that gencrator control parameter
reached by an appropriate leedback and control system
within the generator. These elements can all be built into the
energy source 227, for example, illustrated in FIG, 5,

The actual parameters ol the power delivered 1o the probe
within the urethra may be recorded and monitored (step
724). The decision on the adequacy of the duration and
parameler sellings (o achieve the correct heal ablation elfect
on the prostate thal is sufficient to reduce urinary obstruction
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is determined at step 727 of F1G. 11. The decision 1o stop the
procedure when if is believed thal the cavily is adequate may
also be made al this step.

Reterring to U1G. 12, another embodiment in accordance
with the present invention comprises 4 urethral catheter 801
that is flexible having thermal elements 802, 803, 804, 805,
and 806 shown in sequence along ils distal end. The first
thermal element 806 is spaced a distance D) from the balloon
812. Distance D can be preselected or varable 1o suil
clinical needs. The segmented thermal elements 802 through
806 on the flexible catheter substrate produce a lexible
region of thermal clemenis spanning the length L. This is
convenient for insertion of the catheter in the urethry, since
the urethra has a signilicant bend along its course toward the
prostate. For the protection of the urethra, comfornt of the
patient, and minimization of potential untaward effects and
injury. {lexibility ol the catheter may be desired for catheter
msertion and mampulation procedures. The thermal cle-
ments 802 through 806 are connected 1o the external power
source throngh connection elements 832, 834, 836, 838, and
840. These may be individual conneetions including, for
example, power conneclions 1o resislive heating wires, elec-
trical connections for high frequency or radiofrequency
conductive elements, or connection of laser lines or other
power source lines depending on the type of thermal cle-
ments 802 through 806 thal is used.

The catheter 801 includes a distal tip 820 with a hole 825
for draining urine or inflating the bladder with fluid or
contrast agent. Also shown is a balloon inflation channel
850, and a bladder drainage channel 855, which may com-
municate with the port 825.

Referring to FIG, 13, another embodiment in accordance
with the present invention comprises a urethral catheter 860
with balloon structure 867 for anchoring into the bladder or
prostate, and a thermal element or structure 872, Thermal
structure 872 may be a braid of solid conductive wires that
have a portion of surface exposure on the rubber catheter
substrate 860, Alternatively, structure 872 may be & mesh or
helix of conductive wires which may be parlially embedded
into the wall ol the catheter 860 and partially exposed on the
surface of the catheter 860, A thermal sensor 880 may be in
proximity to thermal element 872 (o sensor heating effects.
Internal connections to the power source are illustrated, for
example, by the dashed line 882, and thermo-sensing con-

5 mection is illustrated by the dashed line 886. Connections of

the external power source and monitoring system are illus-
trated by the connections 890 and 895. Thermal element 872
may also be a network of resistive heating elements which
may not be conductively exposed to the urethra but rather be
thermally exposed 1o the tissue to produce conductive heat-
ing oul to the urethral wall and periurethral tissues.
Reterring 10 FIG, 14, a flexible urethral catheter in
accordunce with the present invention has a rubber catheter
body 901, a balloon structure 905, and a curved tip 911, The
distal tip 911 may be curved 1o lacilitate insertion of the
catheter into the urethra which has natural curves as
described above. Conventional curved tip balloon cathelers
are commercially available and referred to as Coude-tipped
catheters. Also shown is an array of thermal elements
illustrated by the curved, flexible, longitudinally linear ele-
ments 920, 925, 927, and 930. These may be exposed
llexible metal wire structures which are woven into the wall
of rubber catheter 901, used or glued to the surface of the
catheter 901, looped through the catheter wall in a threaded
fashion so as 1o produce an array of Hexible or conductive
radiofrequency or microwave thermal elements. They may
be connected in unison or connected individually by con-



US 6,517,534 B1

25

nection elements illustrated by the dashed line 930 1o
connections at the proximal end of the catheter where if is
connected by connector 935 (o an external power source or
separate multiple power sources. Individual thermal sensors
within the wire structures may be connected 1o 4o external
monitoring system by connector 940. The linear thermal
elements 920 through 930 may vary in their number,
construction, width, and length. For example, thermal cle-
ments 920 through 930 may be made of lexible, braided
stainless steel wire or other forms of metal. They may be
resistive heating elements which are not conductively
exposed 1o the tissue but have insulative sheets or coating
over them and which are supplied with heating power from
an external current source through the connection 935, The
thermal elements 920 through 930 may be conductive, linear
films or sheets that are attached Lo the surface of catheler
901. Thermal elements 920 through 930 may be integrated
with the plastic material of the catheter 901 itself, such as
silicone strips with carbonized or metallic particulale struc-
ture embedded within it and glued 1o the catheter 901.
Referring 10 FIG. 15, an embodiment of the present
invention is shown, including a flexible catheter 1001 hav-
ing a series or an array of ring-like or azimuthal thermal
elements 1011, 1014, 1017, 1020, 1024, and 1028 spaced in
an array along the length of a segment of the catheter LOOT.
These ring structures may be, for example, conductive metal
wire rings or metal annuli that are fixed to, glued to, or
cmbedded in the surface or body of the rubber catheter 1001.
Each ol the rings 1011 through 1028 may include a tem-

perature sensor. They may be electrically disconnected from s

each other, they may be connected in vnison (o form one
cquipotential surface, or they may be connected in selectable
combinations to produce heating patierns around the cle-
menls 1o suil the size of the prostate or the region 1o be

heated, Because of their separation and configuration, they :

may provide an extended length of conductive surfiaces
which are flexible and provide a bending curve in the
location of their position on the catheter to facilitate inser-
tion of the citheter into the nrethra.

Also shown in FIG. 15 is a conpection 1040 from the
thermal elements 1011 through 1028 to a power source
1030, which may be a high frequency generator, a source of
resistive heating in the case that the thermal elements are
resistive heating clements, a laser power light source, or
other form of power source. Also connected (o the power
source 1050 1s a graphics display 1055, which has a graphic
representation 1060 of the catheter structure 1001, Each of
the thermal elements are also illustrated graphically, as lor
example element 1061 corresponding Lo the physical ther-
mal element 1011 on the catheter, The generalor control
clement 1070 may include selective conneclion alternalives
1o connect the power source 1o one, 4ll or a sequence of the
thermal elements 1011 through 1028, For example, for an
extended length of periurethral ablation, all of the elements

may be connected in unison. On the other hand. lor a graded s

thermal lesion, only the first two elements 1028 and 1024
may be connected al the beginning ol the treatment proce-
dure. Later, clements 1022, 1017, 1014, and 1011 may be
added 1o enlarge the length of urethral ablation. Alternating
or varying connections in a bipolar or monopolar array ol
clements may be selected by the control 10700 This may be
illustrated on the graphics display 1055 as the procedure
carrics on. For example, temperature readings from tem-
perature sensors on one or more of the thermal elements may
be illustrated by the numerals TL. T2, T3, T4, TS, or Té
shown on the graphics display. In this way the operator can
enlarge, grade, and/or monitor the progression of the size
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and extent of thermal ablation in accordance with the present
invention, The graphics display 1055 may have a graphic
rendering or representation of the catheter that is shown al
a glance in which thermal elements 1011 through 1028 are
heating or activated. It may have control butions and dis-
plays (not shown) to show power supply 1050 status, power
output, impedance values on the elements such as 1011 1o
1028, connection modes (monopolar/bipolar) and the like.

Referring 10 FIG. 16, a urethral catheter in accordance
with the present invention has a flexible catheter structure
1102 with distal balloon 1107. A second balloon 1120 is
proximal to the distal inflation balloon 1107. On the surface
of balloon 1120 are thermal elements 1130 and 1135, The
clements 1130 and 1135 may be conductive, exposed elec-
trode sheetls, wires, lilms, braids, or fexible malerials that
can be expanded with the expansion of balloon 1120 to form
improved contact of, for example, an RI electrode 1o the
urethral wall. The elements 1130 and 1135 may be spaced
longitudinally or azimuthally on the balloon to suit clinical
needs. The elements 1130 and 1135 may be connected 1o the
external power source by connection elements 1140 an 1145,
The distal balloon 107 may be inllated by air or Huid channel
1157 for aochoring within the bladder. Proximal balloon
1120 may be inflated by air or fluid channel 1162 1o provide
improved contact of the thermal element 1130 and 1135 10
the urethral wall or to alter the shape of the thermal element
1130 and 1135, Channel 1165 may provide drainage or
infusion communication to the bladder tip with its Huid
opening 1170,

Referring 1o FIG. 17, an embodiment of the presen
invention is illustrated in scctional view showing the distal
portion of a flexible catheter having catheter wall structure
1202. A bladder communication channel 1204 is shown (o
distal tip hole 1208. Distal balloon 1210 is inflated by 4 fluid
or air channel 1215, Within the walls of the catheler is a
conductive or thermal heating clement 1230 which may be
symmetrically configured or may be connected to a similar
thermal element 12440 on the opposing side or surrounding
the catheter. The thermal elements 1230 and 1240 may be
made of flexible rubber maternial with embedded, conductive
particulate matter. For example, silicone rubber embedded
with copper, steel, carbon, or other conductive material Lo
form a Mexible, conductive mass that can be bonded at an
interface 1245 and 1247 10 the rubberized catheter material
1202. Electrical connection from the rubberized, conductive
portion 1230 and 1240 may be made by a conductive wire
clement 1250 that runs, [or example, within the wall of the
catheler 1202. Such an inlegral composite struclure may
provide the Hexibility and the electrical conductivity for a
thermal element for safety and convenience of application in
the urethra. The thermal element may be an integral portion
of the catheter wall itself, Thus, one need not use a separate
metlal plate, wire, or ring structure to achieve, for example,
an REF conductive element.

Forms and embodiments of the vrethral ablation system
and method are provided involving various probe or elec-
trode designs with and without temperature monitoring, and
in various probe geometries. However, it should be recog-
nized that other obvious forms may be used. For example,
various materials, configurations, and control and display
systems can be employed in a system or methad for per-
forming intra-urethral prostate ablation, with or without the
capability of cooling the electrode, withouot departing from
the scope of the invention. Various resistive heating mate-
rials and geometries could be devised. Heaters within probe
tips or catheter rings and applicators can be devised. Various
types, wavelengths, power ranges of lasers could be devised
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with various torms and types of laser transmission cables
and emitter elements al the probe tip.

In view ol these considerations, as would be apparent by
persons skilled in the art, implementations and system
should be considered broadly and with reference to the
claims set forth below.

What is claimed is:

1. A method of relieving urethral obstruction in a patient
having o wrethra, a prostate and a bladder, the method
comprising the steps ol

providing a catheter including:

a plurality of ring clectrodes on an external surface of
the catheter in a flexible region of the catheter
configured and arranged lo substantially maintain
flexibility in the region, and

an inflatable balloon proximate 1o a distal end of the
catheler wherein the inflatable balloon may be
inflated by injection of fluid through a port in the
catheter;

inserling the catheler into the wrethra of the patient a

distance sufficient lo provide contact between the elec-

trodes and ai least a portion of the urethra and lo insert
the balloon into the bladder of the patient;

inflating the balloon:

positioning the clectrodes within the urethra of the patient

ata location in the prostate where urethral enlargement

is desired; and

applying o high-frequency signal to at least ane of the

electrades to clevate the temperature to al least 50° C, -

and induce heat ablation of at least a portion of the
urcthra wall and at least a portion of periurethral tissue
in the patient, thereby inducing ablative reduction of
tissue mass of the urethra and nearby lissue to reduce
the urethral obstruction.

2, The metbod of claim 1 wherein applying the signal
includes enlarging the passageway relative 1o a normal size
of the urethral passape.

3. The method of claim 1 wherein applying the signal
includes applying the output through at least one of the
clectrodes 1o a return electrode.

4, The method of claim 1 including selecting one or more
clectrodes to be energized 10 grade a size ol ablation.

5. The method of claim 1 wherein applving the signal
includes energizing the electrodes in a bi-polar configura-
hon.

6. The method of claim 1 wherein the step ol providing
includes al least one ol the plurality of electrodes having a
length greater than about 1 cm.

7. The method of claim 1 further comprising thereafter
applying the high-frequency signal to 4 second electrode of
the plurality of clecirodes.

8. A method of treating (he urethral passage, comprising:

placing a distal portion ol an elongale member iniraure-

thrally into the urethral passage, a flexible region of the -~

distal portion of the elongate member having a plurality
of ring electrodes on an external surface of a catheter
configured and arranged 10 substantially maintain flex-
ibility in the region, and

energizing at least one of the elecirodes with high fre-
quency energy 1o elevate the temperature o at least 50°
C. and ablate tissue ol at least a portion of a wall
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delining the urethral passage and ablate adjacent pros-
late lissue to form a cavity communicating with the
urethral passage.

9. The method of claim 8 wherein energizing al least one
of the elecirodes forms a cavity in the wall and adjacent
prostate tissue having a diameter in the range of about 0.3 1o
5 cem,

10, The method of claim 8 wherein energizing at least one
of the electrodes elevates a temperature of the wall and
adjacent prostate tissue to about 50 10 1007 C.

11. The method of claim 10 wherein encrgizing at least
one of the electrodes includes elevaling the lemperature for
about six minutes.

12. The method of claim 8 wherein energizing at least one
of the clectrodes ncludes connecting the electrode to a high
frequency gencrator,

13. The method of claim 8 wherein energizing at least one
ol the electrodes includes forming the cavity such that the
urethral passage is enlarged relative (o a normal size of the
urethral passage.

14. The method of claim 8 wherein energizing al least one
of the elecirodes includes applying the high frequency
eoergy lhrongh at least one of the electrodes 10 a relurn
clectrode,

15. The method of ¢laim & further comprising imaging the
electrodes 1o monitor the position of the electrodes.

16. The method of claim 15 wherein imaging includes
ultrasonic imaging.

17. The method of claim 16 wherein imaging includes
inserting an ullrasonic scanner lransrectally.

18. The method of claim 15 wherein imaging includes CT
imaging,

19. The method of claim 15 wherein imaging includes
MR imaging.

20. The method of claim 8 further comprising detecting 4
temperature level of tissue surrounding the elecirodes,

21. The method of claim 8 including selecting one or more
clectrodes 1o be energized 1o grade a size of ablation.

22, The method of claim 8 wherein energizing at least one
of the electrodes includes energizing the electrodes in a
bi-polar configuration.

23. The method of claim 8 wherein the slep of providing
includes at least one of the plurality of clectrodes having a
length greater than about 1 cm.

24. The method of claim 8 further comprising thereafter
energizing a second electrode of the plurality of electrodes
with the high-lrequency signal.

25. A method of treating the urethral passage, comprising!

placing a distal portion of an elongale member intraure-

thrally into the urethral passage, a fexible region of the
distal portion of the elongate member having a plurality
of ring clectrodes on an external surface of a catheter
configured and arranged 1o substantially maintain flex-
ibility in the region, each elecirode being a non-conled
clecirode, and

energizing at least one of the electrodes with high [re-

quency energy to elevate the temperature (o al least 507
C. and ablate tissue of at least a portion of a wall
defining the urethral passage and ablate adjacent pros-
tate tissue 1o form a cavity communicating with the
urethral passage.





